Introduction
The reduction of health inequalities is one of the main targets of the National Health Strategy announced in 2013 by the French Ministry of Health. Indeed, many studies have shown very large social inequalities in health in comparison to other European countries (Leclerc, Fassin, Grandjean, Kaminski & Lang, 2000; Mackenbach, Stirbu, Roskam, Shaap, Menvielle, Leinsalu et al. 2008; Van Doorslaer & Koolman, 2004) . Beyond the analysis of the determinants of these inequalities and the evaluation of policies aimed at their reduction, health inequality measurement remains an issue for the monitoring of health inequalities (CSDH, 2008; Haut Conseil de la Santé Publique, 2013) .
In this context, questions remain regarding the measurement of socioeconomic inequalities in health. In particular, we wonder to what extent measurement tools and input variables influence the magnitude of socioeconomic inequalities in health. For example, France is the European country with the highest level of health inequality when measured by the relative risk of premature mortality of blue collar workers compared to white collar workers (Kunst, Groenhof, Mackenbach & EU Working Group on Socio-economic Inequalities in Health, 2000; Mackenbach et al., 2008) . Nevertheless, France's level of health inequality is average when inequalities are measured by a concentration index of self-assessed health (Van Doorslaer & Koolman, 2004) . The measurement of health, the measurement of the social dimension and the measurement tool used influence the magnitude of the socioeconomic inequalities in health (Couffinhal, Dourgnon & Tubeuf, 2004; Dourgnon & Lardjane, 2007; Girard, Cohidon & Briançon, 2000) . This article aims to study the influence of measurements of health on the extent of socioeconomic inequalities in health.
Health status can be measured by many indicators such as mortality, morbidity, and functional limitations. We shall limit ourselves to health indicators, which are distinct from mortality indicators because they measure both quality of life and vital status. The health indicators we chose refer to one of the three dimensions composing an individual health status: subjective, medical or functional health (Blaxter, 1985; Sermet & Cambois, 2002 ). The subjective model gathers self-assessed health, symptoms and quality of life indicators.
According to the medical or biological model, health can be evaluated by diagnosed or reported diseases and information from clinical, physiological or psychiatric examination.
Lastly, according to the functional and social model, health is evaluated by functional limitations or an inability to perform normal tasks. Thus, these indicators represent different dimensions of health status. Finally, in addition to differences due to the dimension of health itself, differences in the nature of the indicator, such as reported or diagnosed information, induce different measurements of health.
Nevertheless, all indicators do not similarly describe inequalities in health. For instance, data from the latest Health and Health Insurance Survey show that inequalities in health between education and income groups are more important when health is measured by self-assessed health or functional limitations compared to frequence of chronic diseases (Table 1) . One interpretation of these differences recently proposed in the literature was to consider that each indicator is prone to a socioeconomic reporting heterogeneity, i.e., differences in reporting rates according to socioeconomic status at a same "given health status".
( Table 1 about here) Some recent studies thus focused on reporting biases related to self-assessed health, which is the most regularly collected measurement of health in household surveys. Even if this indicator is a good predictor of mortality (Idler & Benyamini, 1997) and health care utilisation (DeSalvo, Fan, McDonell & Fihn, 2005) , it is also the result of a complex aggregation process of several elements that an individual knows about their own health status. Initially, self-assessed health integrates morbidity, which depends not only on diseases and on functional limitations but also on diagnosed health problems, and thus, on interactions with health professionals. This measurement is subjective, and it therefore integrates personal expectations of good health, which are influenced by social and cultural environments.
Several studies have highlighted discordance between health perception and other health indicators considered to be more objective. The literature underlines four sets of factors that can affect individual health judgement and therefore self-assessed health. The first group is related to the nature of diseases an individual suffers from. For example, Van Doorslaer and Gerdtham (Van Doorslaer & Gerdtham, 2003) observe that men with hypertension report better health than women for a given death risk. Age and gender also influence reports:
women report a poorer health status than men for similar levels of incapacity. Moesgaard et al. (Moessgaard Iburg, Salomon, Tandon & Murray, 2002) suggest that women would have higher expectations of good health. In addition, Baron-Epel and Kaplan (Baron-Epel & Kaplan, 2001) show that older people more favourably judge their health status than younger people. Reporting heterogeneity related to socioeconomic status has also been found. In France, self-assessed health is affected by optimism biases for both rich people and the poorest people for a given clinical health (Etile & Milcent, 2006) . Lastly, health perception seems to depend on cultural characteristics: an Australian study showed that the indigenous population declared being in better health than the general population, despite higher incidence rates of serious illnesses (Mathers & Douglas, 1998) .
Other reported health indicators also suffer from cultural and social reporting heterogeneity.
A traditional example is that of the Kerala region in India, where reported morbidity is higher than anywhere else in India, while at the same time, this region has the lowest mortality rate and the highest literacy rate (Murray & Chen, 1992) . Several analyses highlight an underreport of diseases in less educated people, in lower income levels and in lower social groups (Elstad, 1996; Mackenbach et al., 2008; Murray & Chen, 1992) . In the same way, using Israeli data, Shmueli (Shmueli, 2002; Shmueli, 2003) showed heterogeneity in reporting health related to age, gender, education, ethnic origin and religious faith for the following health indicator: analogical visual scale (HR-QOL), quality of life (SF-36), self-assessed health and chronic diseases.
These reporting heterogeneity related to socioeconomic, demographic, pathological or cultural characteristics is recognised an important obstacles for inter-individual comparisons of reported health levels (Bound J., 1990) and for the analysis of socioeconomic inequalities in health (Elstad, 1996; Etile & Milcent, 2006; Jusot, Rochaix & Tubeuf S., 2005; Mackenbach, Looman & van der Meer, 1996) . In France, few studies have examined this question; only reporting heterogeneity in self-assessed health related to income has been studied (Etile & Milcent, 2006) . Therefore, reporting biases affecting other health indicators need to be studied, especially because recent articles stress their importance in national contexts (Bago d'Uva, O'Donnell & Van Doorslaer, 2008a; Bago d'Uva, Van Doorslaer, Lindeboom & O'Donnell, 2008; Dourgnon & Lardjane, 2007; Etile & Milcent, 2006; Jurges, 2007) . To study reporting biases, the most widespread approach consists of assuming that some indicators are more objective than others and trying to measure "true health". Reporting biases correspond then to the difference between health as measured by the indicator considered to be "subjective" and health as measured by the more "objective" indicator (Delpierre, Datta, Kelly-Irving, Lauwers-Cances, Berkman & Lang, 2012; Delpierre, KellyIrving, Munch-Petersen, Lauwers-Cances, Datta, Lepage et al. 2012; Delpierre, LauwersCances, Datta, Berkman & Lang, 2009; Elstad, 1996; Etile & Milcent, 2006; Mackenbach et al., 1996; Malmusi, Artazcoz, Benach & Borrell, 2012; Schneider, Pfarr, Schneider & Ulrich, 2012; Tubeuf & Perronnin, 2008; Van Doorslaer & Gerdtham, 2003) . As this approach requires assuming one or several indicators to be more objective, it fails in taking into account the multidimensional concept of health. An alternative approach 1 suggested by some authors (Jurges, 2007; Shmueli, 2002; Shmueli, 2003; Tubeuf, 2009; Tubeuf & Perronnin, 2008) consists of building a health score based on several indicators, ignoring their relative objectivity, and then analysing reporting biases as discordance between that score and each health indicator on which it relies. Shmueli (Shmueli, 2003) underlines the need to reproduce this analysis with other health indicators to test the sensitivity of the results.
Following this second approach, this article proposes to analyse reporting heterogeneity related to socioeconomic and demographic characteristics affecting several health indicators in France. This study emphasises differences in inequalities in health according to the latent health indicator. In addition, it suggests the existence of reporting heterogeneity biases. For a given latent health status, health reports will depend on household composition, demographic and socioeconomic characteristics. Our study shows that the four health indicators suffer from reporting heterogeneity biases but that the report of chronic diseases is the indicator that biases the measurement of socioeconomic inequalities in health the most.
The analysis relies on the 2002-2003 INSEE National Health Survey, which is described in the next section. Section 3 presents our methodology. The results are described in section 4, and a comprehensive discussion ends this study.
Data
The data come from the French National Health Survey carried out by INSEE in 2002-2003.
The survey is representative of the community-dwelling French population. For the purpose of this study, the sample was restricted to the 20 145 adults aged 18 to 85 years and having answered all of the health-related questions.
Measurement of health status
To measure the health status, we selected four health indicators able to cover the different health dimensions suggested by Blaxter (Blaxter, 1985) : The indicator of mental health is generated from the SF-36 score of mental health (MH).
Individuals had an average score of 66.7 out of 100. Individuals scoring lower than 56 (first quartile) are considered to have poor mental health.
Measurement of socioeconomic status
In addition to age and gender, we considered 5 socioeconomic status indicators in our analysis: household composition, education level, household income, social occupation, and activity status. Ages are grouped into six classes: 18-24 years, 25-39 years, 40-49 years, 50-59 years, 60-74 years, and 75-85 years. Education level is measured by the highest diploma obtained and is separated into four categories: people without a diploma, people having a diploma lower than general or technical A-level, people having a diploma equivalent to the general or technical A-level and people having a higher education diploma. Equivalised household income corresponds to the total household income (resulting from an exact report or an imputed amount from income categories) divided by the number of consumption units in the household. The equivalence scale used is the OECD scale, which gives a weight of 1 to the first member of the household, a weight of 0.5 for any other adult and a weight of 0.3 for any child under 14 years of age. Equivalised household income is categorised into four income quartiles.
Social occupation is measured by either the current occupation or the last occupation. Six social classes are distinguished: farmers, self-employed workers, managers, clerks, employees, workers and unknown occupation. Activity status is derived as a six-group variable as follows: employed, unemployed, student, retired, homemaker, and inactive. Table 2 shows some descriptive statistics of the sample.
( Table 2 about here)
Methodology
We used an MIMIC model (Multiple Indicators Multiple Index Causes), which is a structural equation model, as suggested by Shmueli in order to explore social heterogeneity affecting various health indicators (Shmueli, 2002; Shmueli, 2003) . If we assume the existence of a latent 'true health' status that explains individual responses to health indicators, we can build a synthetic health score based on a set of selected health indicators that provides an estimate of the 'true health'. Therefore, socio-demographic variation in each health indicator can be separated into variation in the true health and measure-specific variation, holding true health constant. The latter variation is referred to as 'reporting heterogeneity'. The variation in the estimated latent health status represents the true social health inequalities.
Construction of a synthetic health score
The construction of this model initially requires a factor data analysis in order to generate a continuous health score using the four selected health indicators as described in section 2. The factor analysis empirically determines the number of relevant factors summarising the information of these four health indicators, i.e., the number of subjacent latent variables that influence responses to health indicators. The eigenvalue minimum criteria (i.e. the factor must have an eigenvalue equal at least to 1 to be selected) is used to identify the number of factors to be selected..
The exploratory factor analysis shows the existence of a unique latent factor behind the four health indicators, representing 62% of the total inertia. The confirmatory factor analysis confirms the good adequacy of the data with one latent factor model as the Root Mean Square
Error of Approximation 2 (RMSEA) criterion equals 0.031. The estimated latent variable, also called true latent health corresponds to a continuous synthetic indicator measuring poor health.
Analysis of report heterogeneity
In the second step of the study, we estimated a simultaneous equations model. The first equation (1) More formally, the MIMIC model with only one latent factor can be formalised as follows: 
Results
The MIMIC model is estimated and leads to a satisfactory adjustment with a RMSEA criterion equal to 0.007. Two series of results are shown; the first is related to the determinants of latent health, and the second concerns reporting heterogeneity affecting reports of the four health indicators.
The column "poor latent health" in Table 3 ( Table 3 about here)
The second series of results is related to the determinants of the four health indicators (columns 3 through 10 of Table 3 ). Only statistically significant coefficients have been reported in Table 3 . Coefficient associated to the "latent health" show that latent health significantly contributes to the way health indicators are reported. True latent health contributes more to self-assessed health (coef=1 by construction) compared to the other three indicators (chronic diseases reports (coef = 0.609), activity limitations reports (coef = 0.756) and mental health (coef = 0.54).
Our results also shed light on the existence of various reporting biases affecting health indicators. On the one hand, the negative and significant correlation of the measurement errors attached to mental health and chronic disease suggests a specific reporting bias related to these two health indicators independent of socio-demographic characteristics. On the other hand, the direct effects of some characteristics on health indicators for a given latent health suggest the existence of reporting biases related to demographic, economic and social characteristics. Hence, for a given latent health, women report more chronic diseases and more mental health problems than men. Older people report more chronic diseases and better mental health. People living alone or in single-parent families report more mental health problems compared to couples; they also self-assess a poorer health status. Conversely, nonnuclear families report fewer chronic diseases than couples. Education and income levels significantly influence health variables for a given latent health. Having A-level or less than A-level education is significantly related to better self-assessed health. In parallel, individuals with a diploma higher than A-level report more chronic diseases and activity limitations.
Income level has a direct and positive effect on the chronic disease indicator: the higher the income, the more likely chronic diseases are reported. As for social activity, clerks or managers report more chronic diseases and activity limitations than others for a given latent health. Lastly, students report less general health problems than employed people, whereas retired and inactive people report more activity limitations.
Discussion
The objective of this study was to analyse social heterogeneity affecting health report and potentially affecting the measurement of social inequalities in health. All our results confirm social differences in latent health. Moreover, our results show reporting heterogeneity for a given latent health. Women and older people more often report chronic diseases than other for a comparable latent health status. Mental health problems are over-reported by women and single people and are under-reported by the older people. Inactive people, retired people and clerks more frequently report activity limitations. Lastly, the most educated people, people with higher incomes, clerks and managers more frequently report chronic diseases, while less educated people under-report poor self-assessed health, for a comparable latent health status.
The approach suggested by Shmueli (Shmueli, 2002; Shmueli, 2003) has allowed us to generate a synthetic latent health indicator using four health indicators and to disentangle the association between socio-demographic characteristics and health indicators into (i) the contribution of these characteristics to the latent true health and (ii) their direct contribution to reports of each health indicator considered as reporting bias. However, the methodology and the way to interpret results have some limitations that can be discussed in four points.
First, this method relies on the assumption of the existence of a single latent health variable explaining individual reports of various health indicators. The exploratory factor analysis on the four health indicators shows a unique latent factor summarising health and thus confirms that health could satisfactorily be represented by a unique variable. However, this factor represents only 62% of total inertia. Therefore, the latent variable generated by this method does not permit having a complete representation of health, which is largely multidimensional concept.
Second, this first assumption implies to interpret the direct effects of socio-demographic characteristics on health indicators as health reporting biases. However, these effects can represent either reporting biases or effects of individual characteristics on some specific health dimensions, and thus determinants of health. For example, the particular effect of gender on the SF-36 mental health score can be due to over-reporting of mental health problems by women, but it can also result from a strong association between gender and this dimension of health with regard to the other dimensions. Indeed, there is a strong difference in the prevalence of depression between women and men (Grigoriadis & Robinson, 2007) .
Similarly, inactive people have certainly specific risks for functional limitations but not necessarily higher risks of chronic disease. Thus, as various health indicators do not refer to the same dimension of health, they could lead to a different measurement of social health inequalities even in absence of social reporting heterogeneity if socioeconomic differences in health do change according to the considered dimension of health.
Third, this method allows us to identify specific biases affecting each indicator, but does not allow us to identify common biases affecting the full set of health indicators. Therefore, an optimistic or pessimistic bias affecting reports of the four indicators and correlated to a particular socio-demographic characteristic will not be identified as a bias, but will be mistaken for the effect of this characteristic on latent health. However, a potential correlation in measurement errors of two indicators was found between mental health and chronic disease, suggesting a common reporting error.
Fourth, the latent health variable has been generated from information common to the four health indicators and may thus vary with changes in these indicators. To test the stability of our results, we have changed each of the four indicators by another indicator available in the survey, which refers to the same dimension of health: self-assessed health of the MEHM has been replaced by self-assessed health of the SF-36, chronic diseases of the by a list of reported chronic diseases, activity limitations of the MEHM by reports of incapacities and deficiencies and finally SF-36 mental health score by the CES-D score, which is a validated depression scale (Radloff, 1977) . Results were found to be stable since most of biases highlighted in our model remained unchanged (results not shown, available in (Tubeuf, Jusot, Devaux & Sermet, 2008) . In particular, the sensitivity analysis has confirmed under-reporting of poor self-assessed health by students and over-reporting by single-parent families, higher reporting of chronic diseases by older people, the more educated people and the richer, higher reporting of functional problems by retired people, inactive people and more educated people, and finally, over-reporting of mental health problems by women, single or single-parent families and under-reporting by older people.
Nevertheless, this analysis provide consistent results with the literature. . First, in line with many previous studies, social inequalities in health are found showing a deterioration of health with social status, education level and income when health is measured by the latent health indicator (Mackenbach et al., 2008; Van Doorslaer & Masseria, 2004) . We also found evidence of reporting biases affecting health reports according to four indicators: chronic diseases, activity limitations, self-assessed health and the SF-36 mental health score A large number of direct effects affects the chronic diseases indicator suggesting that this indicator provides a particularly biased health measurement according to individual socio-demographic characteristics. In line with Moesgaard et al. (Moessgaard Iburg et al., 2002) , we show that women over-report chronic diseases. Gender differences in diseases report may come from a more frequent use of health care for the same health status, a greater attention paid to health problems and a better knowledge of health problems that can be partly explained by the poorer latent health in women compared to men. Our results on over-report by the elderly support previous findings by Shmueli (Shmueli, 2003 ), Social differences by education level, income, and occupation are also confirmed by Mackenbach et al. (Mackenbach et al., 1996) and Elstad (Elstad, 1996) . Again these findings can be explained by better medical information related to more frequent health care utilisation or by greater attention paid to health by higher social groups. Besides, one can wonder whether the concept of chronic diseases is well-understood in any social group.
The activity limitations indicator also reveals reporting heterogeneity related to education level and activity status. Individuals having a diploma higher than A-level, clerks and managers report more activity limitations than those in the working classes, even though they have a better latent health. This over-reporting may be explained by a lower tolerance towards functional limitations and activity restrictions for these social groups. Moreover, we observe over-reporting of activity limitations by retired and inactive people. This result may correspond to the justification bias as proposed by Bound (Bound J., 1990) , according to which people would justify their exit from the labour market because of their poor health.
However, one can also argue that inactive or early-retired people experience a specific risk of suffering from activity limitations, which mainly explains their anticipated exit (Barnay & Debrand, 2006) . The results related to the SF-36 mental health score suggest over-reporting of this type of health problem by women, in accordance with the results of the analysis carried out in Israel by Shmueli (Shmueli, 2003) . However, this finding can be due to a specific gender effect on this dimension of health, the risk of depression or anxiety being more widespread among women (Grigoriadis & Robinson, 2007) . We also confirm the underreporting bias of mental health problems by older people shown by Shmueli (Shmueli, 2003) .
This effect may be explained by lower expectations in terms of the mental health of old people because of the numerous health problems related to aging. Nevertheless, this effect may also not be related to reporting bias, but rather to a less marked age effect on mental health than on other dimensions of health. Lastly, we show over-reporting of mental health problems by single or single-parent families wich is undoubtedly partly due to the specific influence of isolation on this dimension of health (Wang, 2004 ).
The few direct effects affecting self-assessed health suggest that this indicator is less biased than the other health indicators. In opposition to Etilé and Milcent (Etile & Milcent, 2006) , no evidence of biases related to income or occupation was found. Nevertheless, people having an intermediate education level less frequently report poor health compared to people without a diploma and to the most educated people for a given latent health status. This optimism bias compared to the most educated individuals could be explained by higher expectations for health when people are more educated as suggested by Mackenbach et al.(Mackenbach et al., 1996) , Elstad (Elstad, 1996) or Delpierre Delpierre et al., 2009 ). However, students report better self-assessed health, whereas they have a poorer latent health than employed people possibly due to allergies, depression and anxiety. Perhaps this optimism bias suggests that they do not take into account chronic health problems or mental health in their appreciation of their general health status. Lastly, singleparent people more frequently report a poor self-assessed health for a given latent health status. This over-reporting may reflect health complaints or express a social difficulty through health problem report. Similarly, the higher probability of reporting a poor health status for people without a diploma for a given health status in comparison to the individuals having an intermediate education level may be interpreted as a pessimistic bias, but could also reflect specific health problems, distress, pain or burden of pathologies that are not fully taken into account by the other health indicators.
This analysis thus underlines the existence of reporting heterogeneity related to sociodemographic characteristics affecting the set of considered health indicators. Among these indicators, chronic disease reporting suffers from many biases and particularly from a pessimism bias related to education, social status and income. Consequently, this indicator cannot be regarded as a good measurement tool for social inequalities in health, as it would underestimate their magnitude. In contrast, self-assessed health, activity limitations and mental health seem to be the more relevant indicators. These indicators represent various dimensions of health; they can thus advantageously be used according to the objectives of the analysis. Aiming for an overall monitoring of social inequalities in health, self-assessed health finally seems to be a good health measurement tool. 
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